Abstract：The aim of this research is to develop the Bees Algorithm named 'the dynamic allocated Bees Algorithm' for multi-objective problem, especially in order to be suit for Pareto optimality. In addition two new neighbourhood search methods have been developed to produce enhanced solutions for a multi-objective problem named 'random selection neighbourhood search' and 'weighted sum neighbourhood search' and they were compared with the basic neighbourhood search in the dynamic allocated Bees Algorithm. They were successfully applied to an Environmental/Economic (electric power) dispatch (EED) problem and simulation results presented for the standard IEEE 30-bus system and they were compared to those obtained using other approaches. The comparison shows the superiority of the proposed dynamic allocated Bees Algorithms and confirms its suitability for solving the multi-objective EED problem.
Introduction
The aim of the classical economic dispatch problem has only been to minimize the total fuel cost. However, this objective can no longer be considered singly due to rising concerns about the environment from the emissions produced by fossil-fuelled electric power plants. As a result, the economic dispatch problem can be handled as a multi-objective optimization problem with non-commensurable and conflicting objectives.
Abido has pioneered this research by applying Non-dominated Sorting Genetic Algorithm (NSGA) [1] , Niched Pareto
Genetic Algorithm (NPGA) [2] , Strength
Pareto Evolutionary Algorithm (SPEA) [3] and NSGA-∥ [4] to the standard IEEE 30-bus system.
This paper discusses the Bees Algorithm
with Pareto optimality to the EED problem to minimize fuel costs and nitrogen oxides (NOx) emission simultaneously.
The Bees Algorithm
The Bees Algorithm is inspired by honey bees' foraging behaviors in nature and it was developed by Pham et al. [5] However, they only adopted scout bees' behaviour among the all foraging behaviors. In order to apply the Bees Algorithm for multi-objective problem, especially for Pareto set, whole foraging behaviors in the colony should be accounted. The foraging behaviors in the colony consist of two parts; one is by foraging bees outside the hive and the other by middle-aged workers inside the hive. In the former, the foraging process conducted by scout bees which are sent to flower patches to search for a food source.
When they return to the hive, they regurgitate the nectar to middle-aged workers inside the hive and then split into three roles [6] such as foraging Unemployed foragers are more attracted by more promising patches therefore more bees are sent to more fruitful sites. As a result, the colony gathers food much quicker and more efficiently. In the latter, after middle-aged workers received the nectar from foragers, they either distribute the nectar for immediate consumption or process it into honey and store it in special honey cells. The basic
Bees Algorithm [5] only takes the former part. However, in order to achieve Pareto optimality the latter concept as well is Bees Algorithm uses 6 parameters [7] , the proposed dynamic allocated Bees These steps are repeated until a stopping criterion is met. The Pareto optimal set is created from all the non-dominated bees in each iteration. Moreover, although basic neighbourhood search [7] can work satisfactorily for a MOP, new types of neighbourhood search could produce enhanced solutions.
In the basic neighbourhood search, a recruited bee is sent to a selected patch and its fitness is evaluated. The recruited bee is then compared with the scout bee in the patch and, if the recruit is fitter than the old scout bee, the latter is replaced by the new bee. Otherwise, the old scout bee is retained. However, 
EED Problem
The economic dispatch problem in power generation is to simultaneously minimize the total fuel cost and total NOx emission while satisfying a number of constrains.
The total power generated must supply [4] . Fuel cost and NOx emission coefficients for this system are given in [8] . table in Table 3 but the weighted sum neighbourhood search needs extra weights parameters for weighted sum method as shown in down table in Table 3 . The total power generated must be satisfying the total demand as power balance constraint. Here the accuracy for power balance constraint is 0.00001. Tables 3 and 4 show the average, minimum and maximum percentage relative deviations (△avg, △min and △max) of the best Fuel cost and the best NOx emission between the proposed Bees Algorithms and previous approaches. In Table 3 , △min of all approaches by the Bees Algorithms are negative, which means they outperform all previous approaches. In particular, △avg of weighed sum neighbourhood search in Emission values shown in Table 4 Table 5 shows the average number of Moreover the standard deviation in Table   5 is virtually zero showing that the proposed Bees Algorithms are stable and robust. Table 3 In Table 4 
Conclusion

